a Background: Despite great effort to control tuberculosis (TB), low treatment adherence threatens the success of drug therapy, increases the risk of TB transmission, and leads to the development of drug resistance. The present study assessed anti-TB treatment adherence in sputum smear-positive TB patients and examined the risk factors for poor patient adherence to identify targets for intervention.
Introduction
Tuberculosis (TB) causes signicant morbidity and mortality and remains a major global health problem.
1 According to the 2015 World Health Organization (WHO) Global TB Control Report, 10.4 million new cases of TB were diagnosed in 2015. There were an estimated 1.4 million TB deaths in 2015, and an additional 0.4 million deaths resulted from TB disease among people living with HIV. However, globally, there were 4.3 million more actual cases of disease than reported. 2 Currently, approximately one-third of the world's population is infected with TB bacteria.
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Therefore, TB can have far-reaching economic and social consequences among infected people and their household members, particularly in developing countries. 4 China accounts for 15% of the global burden of TB and has the third highest TB incidence rate in the world behind India and Indonesia.
2 Data from the Fih National TB Epidemiological Survey in 2010 showed that China's active TB prevalence was 459/100 000, with 66/1 000 000 representing sputum smearpositive TB. 5 The Xinjiang Uyghur Autonomous Region (Xinjiang) is located in northwestern China, with international borders with Russia, Mongolia, Kazakhstan, Kyrgyzstan, Tajikistan, Afghanistan, Pakistan, and India, with a population of 20 million people and 13 ethnic minorities. 6 Xinjiang is one of the provinces in China with a high burden of TB. 7 Xinjiang is one of the provinces with high burden of TB in China. Its economy is relatively backward, its public health infrastructure is weak and its medical resources are scarce. Many problems exist in the process of diagnosis, treatment and management of TB, which leads to the high number of patients and their constant transmission has become the thorniest challenge in tuberculosis control in China.
Within the international TB control strategy, direct observation of treatment (DOT) was introduced to improve treatment outcomes. A standard anti-TB treatment requires patients to regularly take a complex combination of drugs for at least 6 months for new patients and 8 or 9 months for those undergoing repeat retreatment. Such long-term strict regimens are a challenge for TB patients who may not adhere to their prescribed treatment due to treatment interruptions or dropout. 8 Adherence to treatment is crucial to achieving a successful treatment outcome.
9 Poor adherence to treatment may prolong infectiousness and increase the risk of drug resistance, relapse, death, and onward transmission. 10 Rocha et al. showed that treatment non-adherence was signicantly associated with unfavorable outcomes (death or failure to cure TB).
11 Other studies on adherence have shown improved TB cure rates. 12, 13 In recent years, many cities in China have performed studies of TB treatment adherence, and the results indicated low treatment adherence among smear-positive TB patients.
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We conducted surveillance and follow-up of TB treatment in major cities in Xinjiang to evaluate patient compliance with anti-TB treatment and to determine the risk factors of nonadherence in smear-positive TB patients. This study provides a theoretical basis for the next step in developing measures to improve patient compliance in accordance with the TB situation in Xinjiang.
Methods

Pulmonary tuberculosis diagnosis
The diagnosis of pulmonary TB patients in Xinjiang was based on the People's Republic of Health Industry standard diagnostic criteria for TB (WS288-2008). Patients were considered to have smear-positive pulmonary TB when they met one of the following 3 criteria: 2 sputum specimens directly showing smear-positive acid-fast bacilli; 1 sputum specimen directly showing acid-fast bacilli with a positive microscopic examination and pulmonary imaging in line with the performance of active pulmonary TB imaging; or 1 sputum specimen directly showing smear-positive acid-fast bacilli and 1 sputum specimen that was Mycobacterium tuberculosis culture-positive.
Pulmonary tuberculosis treatment
The treatment regimen for new cases of TB consisted of a twomonth intensive phase with a daily dose of xed-dose combination tablets containing rifampicin (R), isoniazid (H), pyrazinamide (Z), and ethambutol (E), followed by a four-month continuation phase of daily HR. New patients underwent three re-examinations for sputum smear microscopy to monitor treatment response aer the second, h, and sixth months of treatment. The repeat treatment patients underwent a threemonth intensive phase including the four drugs above along with a six-month continuation phase of daily HRE. At the end of the course of 2, 5, or 8 months, the patients returned for reexaminations. Smear-positive patients are expected to convert to negative status aer two months of intensive treatment. During the 2 month treatment period, if the patient's sputum smears were still positive, they were prescribed an additional sputum smear at the end of the third month and an additional month of the intensive phase treatment.
TB management
The tuberculosis management in Xinjiang uses the whole process of supervision and management, since the 2012 implementation of the "Trinity" new TB prevention and control of new models, a prevention and treatment service system of designated medical institutions, primary health care institutions and the CDC, with clear division and coordination. Among these facilities, the designated medical institutions are responsible for the diagnosis, treatment, and registration of TB patients. Non-designated medical institutions are responsible for the initial screening, epidemic reporting, and referral of TB patients. Primary health care institutions are responsible for patient referrals and helping track and follow-up with patients. The CDC is responsible for planning, coordinating, monitoring, and controlling the response to the epidemic. In addition, the CDC is also responsible for prevention and technical guidance, publicity and education, performance evaluation, and other measures.
Study design
The data were obtained from the quarterly and annual reports of the Xinjiang Tuberculosis Management Information System. All diagnosed cases of active TB, new TB pleurisy, and extrapulmonary TB were registered by the designated medical institutions and county CDC, which recorded the basic information and treatment outcomes with regular follow-up and supervision. Simultaneously, the primary health care institutions monitored and reviewed the patients' medications and other health measures.
Aer combining the patients' case records with the treatment records in the report charts, we established statistical tables of treatment adherence for smear-positive TB patients in Xinjiang. We identied the population as smear-positive TB patients from July 2014 to June 2015 and collected basic information about the patients and their re-examinations at the end of second, h, and sixth (eighth) months and the treatment outcomes. To protect patient privacy, all information omitted the patient's name and ID number. We dened good adherence as the completion of three sputum smear re-examinations and non-adherence as failure to complete three sputum smear reexaminations. The treatment outcomes included cure, treatment completion, tuberculosis death, failure, and drop-out. 17 At the same time, we dened a clinical cure as disease-free status and treatment completion. We registered basic patient information including age, gender, ethnicity, occupation, household address, treatment classication, patient source, diagnosis patterns, actual management methods, etc.
By integrating the above data, we described the basic information for the smear-positive patients in Xinjiang from July 2014 to June 2015, explored the correlation between compliance and the cure rate and survival rate of smear-positive TB patients and discussed the factors that inuence treatment compliance.
Statistical analysis
The data were double-entered into Excel 2010 and analyzed using SPSS 18.0 for Windows by two procedures. Chi-squared tests were used to identify associations between patient adherence and the cure rate or death rate. Univariate logistic regression was used to analyze the relationship between each variable and adherence to assess independent risk factors for nonadherence. Variables with a P-value <0.05 in the univariate analysis were included in the multivariable logistic regression models. The magnitude of association was measured by the odds ratio (OR) with a condence interval (CI). The level of signicance was set at P < 0.05.
Ethical considerations
All experiments were performed in compliance with medical ethics, and approved by the ethics committee at Xinjiang Medical University. Informed consents were obtained from human participants of this study.
Results
This study included 8289 patients with smear-positive cases of TB in Xinjiang from July 2014 to June 2015. The age of the study patients ranged from 5 to 102 years with an average age of 48.9 years. The study included 54.7% males and 45.3% females.
Regarding ethnicity, 14.4% of the patients were Han and 68.7% were Uighur. The local population accounted for 88.3%, and the oating population accounted for 11.7%. The study population was composed mainly of workers, farmers, and those involved in animal husbandry and shery (78.5%). Newly treated patients represented 74.8% of the sample, and those undergoing retreatment accounted for 25.2%. Type III TB patients accounted for 99.1% of the study population; 1.4% of the patients were diagnosed by health examination, whereas 28.7% and 38.7% were diagnosed by illness or referral. The vast majority of patients (87.4%) were managed in full supervision mode (Table 1) .
Treatment outcomes varied during the study. Cures were attained in 7039 (84.9%) patients. The treatment course was completed by 302 (3.6%) patients. Seven (0.0%) patients developed disease resistant to a single drug, whereas 23 (0.3%) patients were transferred to multi-drug resistant treatment. Ninety-eight (1.2%) patients experienced adverse effects, and 199 (2.4%) patients had treatment failure. Ninety-ve (1.1%) patients died of TB, and 332 (4.0%) lost contact during followup. One (0.0%) patient was incorrectly diagnosed, and 193 (2.3%) died for other reasons not related to TB. We concluded that the number of clinically cured patients was 7341 (88.6%), excluding those who lost contact, wrongly diagnosed, or died of other diseases (including cardiovascular and cerebrovascular diseases, tumors, etc.). Patient compliance and attainment of a clinical cure were positively correlated (c 2 ¼ 0.536, P < 0.001).
The difference was statistically signicant. The association between the compliance of the population and the outcome of TB death was related (c 2 ¼ 0.326, P < 0.001). The difference was statistically signicant (Tables 2 and 3) . We observed 1242 (15.0%) patients who had poor adherence to treatment and failed to complete three sputum smear visits. Treatment adherence was compared among different subgroups using a univariate logistic regression analysis. In this study, we found that those patients with poor adherence were elderly (P < 0.01), those from a oating population (P < 0.05), manual laborers (P < 0.01), those who were derived from referral and tracking (P < 0.01), or those who were self-medicated and supervised during the intensive phase. A multivariate logistic regression analysis controlled the effect of confounding factors and analyzed the associated risk factors for non-compliance. Univariate variables with P values less than 0.05 were included in the multivariate logistic regression. The results showed that ethnicity, household address, treatment classi-cation, patient source, and actual management were correlated with non-compliance (Table 4) .
Discussion
TB threatens public health, 18 and its prevalence hinders economic and social development. China is one of the 20 countries with highest proportion of TB cases worldwide as the "Stop TB Strategy" of the WHO, 19 and Xinjiang has a serious TB epidemic situation. Effective treatment is essential to controlling the development and spread of TB; however, because anti-TB treatment requires long-term drug therapy, patients are prone to loss of compliance. 20, 21 Follow-up visits during treatment are important to monitor the response to the therapy and manage adverse events, which facilitates the supervision of patient treatment and prevention of lost cases.
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In our study, approximately 15.0% of the patients were poorly adherent. This proportion was signicantly higher than that of the Jiangsu (11.4%), Anhui (9.5%), and Ningxia (6.7%) patients. 16 We also found that compliance was related to the level of TB cure rate and mortality. The cure rate of the compliance group (98.7%) was signicantly higher than that of the non-compliance group (58.5%), and the mortality in the compliance group (0.0%) was signicantly lower than in the non-compliance group (11.9%). Thus, it is necessary to improve the cure rate of the smear-positive population and reduce mortality by improving patient treatment compliance. However, recent Chinese studies have shown that most TB patients are unaware of the importance of return visits.
23
In the study, we found that gender and age were not associated with patient adherence to treatment, which was consistent with the results of previous studies. 24 However, some studies have shown that male patients may be more likely to not comply with treatment because of their unhealthy lifestyles and physical over-condence. 25 The proportion of smear-positive TB patients in Xinjiang is high (85.6%), and the proportion of noncompliance among ethnic minorities is high. The Uighur patients accounted for 83.1% of the total number of noncompliant individuals. On the one hand, the high incidence of TB in Xinjiang ethnic minorities may be associated with the presence of TB susceptibility genes. 26, 27 On the other hand, most ethnic minorities lack TB-related knowledge and have not yet recognized the importance of long-term anti-TB treatment. Once the symptoms ease, these patients will be without medication. Some patients live in remote areas or in the country where treatment and inspection are not very convenient, resulting in many TB patients who cannot adhere to treatment and referral. We found that migrants were at risk for noncompliance, and 966 (11.7%) of the study population were migrants, with 17.6% being classied as non-adherent. Most of the oating population also lacks a xed place, cannot adhere to timely referrals, are prone to treatment delays, and are not easy to manage and monitor. This study showed that adherence was signicantly lower in newly treated patients than in retreated patients. The reason for this may be that re-treated patients can encounter drug resistance. During the retreatment process, these patients may lack condence in treatment, causing the retreatment course to be longer. In this case, the symptoms may not improve, which can also lead to poor compliance. This study found that the patient source, along with patient referral and tracking, were signicantly associated with compliance, possibly due to the fact that healthy examined people are more concerned about their own physical condition, which results in greater treatment compliance. The referral and tracking of patients as recommended by the CDC intervention may result in lower patient initiative for treatment. This study also found that intensive phase supervision is a risk factor for patient compliance. Although some patients in the intensive phase have very good compliance under supervision, if the publicity and supervision are insufficient during the continuing period, intermittent treatment and irregular follow-up may result, which will affect the treatment. Research has also shown that during the entire process of supervision and management, patients have good treatment compliance. In recent years, there has been a high incidence of new cases of TB worldwide because of the increased population, the oating population, the increased incidence of drug-resistant TB, latent infection, and the AIDS epidemic. 28, 29 In 2015, the WHO proposed a moratorium on TB that aimed to reduce the incidence of TB by 90% by 2035. 30 At present, there is no early diagnostic procedure for TB, leading to delayed treatment in most TB patients. 31 The number of physical workers in the study accounted for 78.5% of the total number of smear-positive patients, and most of these individuals lacked basic knowledge of TB. It is easy to delay healthcare until symptoms appear, which results in delayed treatment.
Some studies have shown that family care and support played an important role during TB treatment.
32 However, the remaining TB patients represent a serious psychological burden and stress. We believe that grass-roots medical institutions should strengthen the basic knowledge of TB-related advocacy, improve patient awareness of TB, and provide some psychological support for those patients undergoing repeat treatment. Family members should be encouraged to care for one another and supervise patient medication and regular referral. To reduce the nancial burden of TB patients, the state provides TB patients with free anti-TB drugs and necessary inspection items, and although this free policy covers all of the typical TB patients, it does not include patients with adverse reactions to treatment or drug-resistant patients who require second-line anti-TB drugs. However, the treatment enthusiasm is not high for some farmers and herdsmen in remote areas because of the distance and the extra cost. 16 In this regard, the relevant government departments should expand their focus on supporting this part of the population.
Limitations
There are still some limitations of this study. Compliance for TB treatment includes medication adherence and compliance, and this study discussed only the factors that inuence compliance. The basic patient information did not cover economic and cultural factors.
Conclusion
The Xinjiang TB epidemic situation remains grim. Smearpositive patients had a higher proportion of non-adherence. Ethnicity, residence address, classication, treatment regimen, and the actual source of management were associated with non-compliance. Non-compliance increased the difficulty of treatment and risk of death. The relevant medical departments should strengthen the supervision and intervention of the TB treatment process, strengthen TB-related basic knowledge propaganda, raise awareness of TB patients, and give nancial and policy support to farmers and herdsmen in remote areas to improve anti-TB treatment adherence.
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